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(54) -nUe: DETECllON OF CODE VECTORS IN SINGLE FREQUENC:Y, MULTIPLE TRANSMITTER NETWORKS 
(57) Abstract 



A receiver receives a signal which 
contains a code vector. The code vec- 
tor is a member of a predetermined set 
of code vectors. The code vectors may 
be Kerdock code vectors. The receiver 
produces a transform, such as a Walsh 
transform, of the received signal. The 
transform contains a coefficient corre- 
sponding to each of at least some of 
the code vectors of the predetermined 
set of code vectors. The receiver de- 
termines data elements transmitted as 
the received code vector based upon the 
magnitudes of the coefficients of the 
transform. When plural code vectors are 
transmitted, the receiver determines data 
elements transmitted as a first code vec- 
tor based upon the magnimdes of the 
coefficients of the transform, subtracts 
the first code vector from the received 
signal, produces a new transform of the 
subtraction results, and determines data 
elements transmitted as another code 
vector based upon the magnitudes of the 
coefficients of the new transform, and so 
on. 
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DETECTION OF CODE VECTORS IN SINGLE FREQUENCY, 
MaLTIPLE TRANSMITTER NETWORKS 

Technical Field of the Invp>n^^nn 

The present invention relates to an arrangement 
for detecting code vectors which are transmitted in a 
single frecjuency, multiple transmitter network. 

Background of tihe Tnvenfinn 

Data communication systems, such as cable sys* 
tems, typically include a head end which tramsmits data 
to a plurality of subscribers over a cable system. Typi- 
cally, the cable system is at least partially buried and 
has a cable main trunk carrying data directly from the 
head end, cable branch lines branching out of the main 
trunk, and cable subscriber lines carrying data between 
the cable branch lines and the subscribers. Considerable 
ISLbor is required in running sxibscriber lines from cable 
breuich lines to sxibscribers, particularly for those sub- 
scribers who are located at distances such as 1,000 feet 
or more from the cable branch lines. 

Instead of running s\ibscriber lines from cable 
branch lines to subscribers, transmitters could be lo* 
cated periodically along the cable brcinch lines in order 
to transmit data over the air between cable branch lines 
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and subscribers. Thus, the substantial labor which is 
necessary to connect a sxibscriber to a cable branch line 
is materially reduced. However, care must be exercised 
in locating such transmitters. For exaii5>le, if a sub- 
scriber is covered by only one transmitter, there may be 
areas within the premises of the subscriber where recep- 
tion is poor. 

The possibility of poor reception can be less- 
ened by locating the transmitters sufficiently close to 
one another that the premises of each subscriber is cov- 
ered by two or more transmitters. Unfortunately, because 
each transmitter operates at the same carrier frequency, 
and because of the varicdDle distances between a sxib- 
scriber's premises and the trcuismitters that cover the 
subscriber's premises, the same data may arrive at a 
reception site within a subscribers premises at different 
times and with different phases. As a result, interfer- 
ence, referred to herein as ghosting, is produced. 

If signal amplitude versus frequency of the re- 
ceived signal at a reception site in a subscriber's pre- 
mises covered by two transmitters is graphed, an inter- 
ference pattern can result. In the case where the recep- 
tion site is located at an equal distance from both 
transmitters, the interference pattern has the shape 
shown in Figure l. This interference pattern may be 
sometimes referred as 100% ghosting. In this interfer- 
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ence pattern, the signal amplitude of the received signal 
is characterized by periodic, sharply defined nulls at 
which the signal is substantially undetectable, particu- 
larly in the presence of noise. That is, noise in the 
chaLnnel establishes a signal detection threshold above 
the horizontal eucis as viewed in Figure 1, such that any 
frequency components of the transmitted signal near or at 
the nulls will be difficult or inqpossible to detect be- 
cause the signal to noise ratio at these points is too 
low. Moreover, when the received signal is processed 
through an equalizer, the signal to noise ratio can 
worsen, making signal detection even more difficult. 

It is known how to adequately receive signals 
in the presence of white noise. For example, trellis 
encoding and Viterbi decoding may be used to encode and 
decode transmitted data adequately when white noise is 
present, because this type of coding and decoding per- 
forms well under white noise conditions. Unfortunately, 
trellis encoding and Viterbi decoding do not work partic- 
ularly well in the presence of non- randomly distributed 
noise, such as may be present in an environment experi- 
encing 100% ghosting. 

The present invention is directed to a coding 
and decoding arrangement which is particularly useful in 
a single frequency, multi- transmitter network in which 
100% ghosting is present. 
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Summary of t-he Tnvl^T1^^nn 

In accordcince with the present invention, a 
receiver receives a signal containing at least one of a 
plurality of code vectors. A trsmsform is applied to the 
5 signal producing a plurality of multi-coef f icient spec- 

tra. Data elements are derived from the mult i- coeffi- 
cient spectra. More particularly, the data elements are 
derived from the coefficient in the multi-coef f icient 
spectra having the largest magnitude • 

10 In a more detailed aspect of the present inven- 

tion, the received signal is multiplied by a plurality of 
coset leaders to produce a plurality of multiplication 
results. The coset leaders correspond to cosets into 
which the code vectors of the plurality of code vectors 

15 may be divided. The resulting multi-coef f icient spectra 

are analyzed in order to derive the data elements corre- 
sponding to the at least one code vector. 

In a further more detailed aspect of the pres- 
ent invention, the received signal may contain at least 

20 first and second code vectors. Data elements are deter- 

mined corresponding to one of the first and second code 
vectors based upon the magnitudes of the coefficients of 
the multi-coef f icient spectra. This one code vector is 
subtracted from the received signal to produce a subtrac- 

25 tion result. Data elements are then determined corre- 

sponding to the other of the first and second code vec- 
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tors based upon the magnitudes of the coefficients of 
multi-coef f icient spectra derived from the subtraction 
result. 

In a still further more detailed aspect of the 
5 present invention, the received signal may contain a 

plurality of transmitted code vectors. A received signal 
transform of the received signal is produced such that 
the received signal transform contains a coefficient for 
each of at least some of the code vectors of the 

10 predetermined set of code vectors. Data elements are 

determined corresponding to one code vector from the 
coefficient of the received signal transform having the 
largest magnitude. This code vector is subtracted from 
the received signal to produce a subtraction result. A 

15 subtraction result transform is produced such that the 

subtraction result transform contains a coefficient for 
each of at least some of the code vectors of the 
predetermined set of code vectors. Data elements are 
determined corresponding to another code vector from the 

20 coefficient of the subtraction result transform having 

the largest magnitude. 

In yet a further more detailed aspect of the 
present invention, a received signal contains a plurality 
of code vectors which belong to a predetermined set of 

25 code vectors. The code vectors in the predetermined set 

of code vectors are divided into cosets, and the cosets 

- 5 - 
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a« arranged Into group, of co.ets. Each code vector 
contained in t^e received signal ^iong, to a correspond- 
-9 group Of cosets. A window ie applied to a first 
subset Of the coeet.. ^e received eignaX is ™.ltiplied 
by a coset leader corresponding to eac. coset within the 
Window in order to produce a received signal coefficient 
spectru. for each coset within the window. Data ele.»nts 
are deterndned f rc« a received signal coefficient that 
corresponds to a coset within the window and that has the 
largest „«gnitude. code vector corresponding to ' 

these data elements is subtracted frcs, the received sig- 
nal to produce a subtraction result. The window is slid 
to cover a second subset of the cosets. The subtraction 
result is ^altiplied by the coset leaders corresponding 
to the cosets within the window in order to produce a 
subtraction result coefficient spectrum for each coset 
wxthin the Window. Data elements are determined from a 
subtraction result coefficient that corresponds to a 
coset Within the window and that has the largest magni- 
20 tude. 



Brief pfiRrrinrinn of th^ r.>-=itfin an 

These and other features and advantages of the 
present invention will become xr«re apparent from a de- 
tailed consideration of the invention when taJcen in con- 
junction with the drawings in which: 
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Figure i is a diagram showing an interference 
pattern which is likely to result at a point that is 
equidistant from plural transmitters transmitting over a 
single frequency to a receiver; 

Figure 2 is a generalized block diagram of a 
single frequency, multiple transmitter network as an 
exan^le of a network in which the present invention can 
be practiced; 

Figure 3 illustrates an exen5>lary signal cover- 
age of the Single frequency, multiple transmitter network 
of Figure 2; 

Figure 4 illustrates a head end transmitter, 
including an encoder, which can be used to transmit clde 
vectors to the single frequency, multiple transmitter 
network of Figure 2; 

Figures 5 and 6 illustrate an exemplary embodi- 
ment of a portion of the encoder of Figure 4; 

Figure 7 illustrates a receiver, including a 
decoder, which can be used in the single frequency, mul- 
tiple transmitter network of Figure 2; 

Figure 8 illustrates a Walsh transform arrange- 
ment that may be implemented by the decoder of Figure 7; 

Figure 9 illustrates an exemplary set of Walsh 
spectra determined by the decoder of Figure 8; 
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Figure lO illustrates a set of weighted code 
vectors which can be transndtted by the transmitter of 
Figure 4; 

Figure 11 illustrates an exemplary set of Walsh 
transform spectra which are determined by the Walsh 
transform arrangement of Figure 8 and which correspond to 
the weighted code vectors illustrated in Figure lO; 

Figures 12 illustrates a flow chart which may 
be implemented in accordance with one embodiment of the 
present invention in order to decode the code vectors ' 
illustrated in Figure 10; 

Figure 13 illustrates an alternative set of 
Walsh transform spectra which are determined by the Walsh 
transform of Figure 8 and which correspond to code vec 
tors Which are combined and transmitted by the transmit- 
ter illustrated in Figure 4; 

Figure 14 illustrates a flow chart which may be 
implemented in accordance with another embodiment of the 
present invention in order to decode code vectors; 

Figure is illustrates a flow chart which may be 
implemented in accordance with still another embodiment 
Of the present invention in order to decode code vectors; 
and. 

Figure 16 illustrates a flow chart which may be 
implemented in accordance with a further embodiment of 
the present invention in order to decode code vectors. 

- 8 - 
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Detail f>d n«»«..^-ip,-.j 

A single frequency, multiple transmitter net- 
work 10, in which the present invention may be used, is 
illustrated in Figure 2. The single frequency, multiple 
transmitter network lo includes transmitters 12, 14, le, 
. . . connected together by a cable or optical fiber 
system 18. it should be understood that the cable or 
optical fiber system 18 may comprise any number of lines, 
such as cable trunk lines and cable branch lines, con- 
necting the transmitters 12. 14, 16, ... in series, ' 
parallel, and/or other configuration. The transmitters 
12, 14, 16, . . . transmit signals to receivers 20, 22, 

Although three receivers 20, 22, and 24 are 

shown in Figure 2 being in close proximity to three 
transmitters 12, 14, and 16. it should be understood that 
each receiver 20, 22. 24. ... can receive signals from 
one, two, three, or more of t.^e transmitters 12, 14, i6, 

• • • • 

For exait?)le. as sno%m in Figure 3, a first of 
the transmitters 12, 14. i€. . . . may be sited to cover 
a geographic area 30. a s^^cond of the transmitters 12, 
14. 16, . . . may be sited to cover a geographic area 32, 
and a third of the transmitters 12, 14, 16, . . .may be 
sited to cover a geograp.n— area 34. The geographic 
areas 30 and 32 overlap at <ir. overlap area 36, the geo- 
graphic areas 32 and 34 overlap at an overlap area 38, 
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the geographic areas 30 and 34 overlap at an overlap area 
40, and all three geographic areas 30, 32, and 34 overlap 
at an overlap area 42. If one of the receivers 20, 22, 
24, . . .is positioned in the overlap area 36, 38, or 
40, it receives signals from two transmitters and is 
likely to be subject to an interference pattern similar 
to that shown in Figure l. if one of the receivers 20, 
22, 24, ... is located in the overlap area 42, the 
interference pattern is likely to be different than, but 
still similar to, that shown in Figure 1. The present 
invention operates well in any of the area 30, 32, and 
34, including the overlap areas 36, 38, 40, and 42. 

A representative head end transmitter 50 is 
shown in Figure 4 and supplies the cable or optical fiber 
IS system 18 with the data to be re- transmitted to the re- 
ceivers 20, 22, 24, ... . by the transmitters 12, 14, 16. 
• • . . Thus, each of the transmitters 12, 14, 16, . 
connected in the cable or optical fiber system 18 re- 
ceives the data from the head end transmitter 50 and re- 
transmits that data to one or more of the receivers 20, 
22, 24 

The head end tremsmitter 50 includes a data 
source 52 which provides the data which is to be supplied 
to the cable or optical fiber system 18. The data pro- 
vided by the data source 52 is supplied to a Reed Solomon 
forward error correction encoder 54, emd the output of 

- 10 - 
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the Reed Solomon forward error correction encoder 54 is 
then encoded by. an encoder 56. The error corrected and 
encoded data is modulated and transmitted by a 
modulator/transmitter 58. 

The data provided by the data source 52 and the 
Reed Solomon forward error correction encoder 54 may be 
encoded by the encoder 56 using a predetermined set of 
code vectors. These code vectors are preferably Kerdock 
code vectors, and the code vectors have a length L de- 
fined as the number of bits per code vector. For pur- 
poses of describing the present invention, it is assumed 
that a code vector may have a length of sixteen indicat- 
ing that there are sixteen bits in each code vector. 
However, it should be understood that code vectors having 
different lengths may be used with respect to the present 
invention. For example, code vectors having a length of 
64, 256, or more may be used with respect to the present 
invention. 

It is known that there are 256 Kerdock code 
20 vectors when the code vectors have a length of sixteen. 

If one of these 256 code vectors is properly chosen as a 
reference code vector, then there are 112 code vectors 
which have a distance D of six from the reference code 
vector, there are 30 code vectors which have a distance 
25 of eight from the reference code vector, there are 112 

code vectors which have a distance of ten from the refer- 

- 11 - 
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ence code vector, and there is one code vector which has 
a distance of sixteen from the reference code vector. 
The code vector which has a distance of sixteen from the 
reference code vector is the complement of the reference 
code vector. Distance is defined here as the number of 
bits which can be changed in one code vector before that 
code vector equals another code vector. 

This reference code vector, the 30 code vectors 
which have a distance of eight from this reference code 
vector, and the complement (i.e., negative) of this ref- 
erence code vector may be selected as a coset, and the 
reference code vector may be designated as the coset 
leader of the coset. Each code vector of these 32 code 
vectors has a con?)lement in the coset. Accordingly, a 
15 coset contains first and second groups of code vectors, 

where each group contains sixteen code vectors, and where 
each code vector in the first group has a conplement in 
the second group. Therefore, as will be apparent from 
the discussion below, it is useful to envision a coset as 
containing sixteen code vectors, where each code vector 
can be either positive or negative. 

The 256 Kerdock code vectors may be similarly 
divided, into seven more cos«ts« each having a coset 
leader, so that there ar*^ a total of eight cosets. 

A code vector may be transmitted so that it 
represents a number of data elements. A data element may 

• 12 - 
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be a bit, symbol, or other unit of information. If a 
single code vector is transmitted at a time, three data 
elements may be used to define which of- the eight cosets 
contains the code vector to be transmitted, four data 
elements may be used to define the code vector to be 
transmitted (not including its polarity) , and one data 
element may be used to define the polarity of the trans- 
mitted code vector (i.e., whether the code vector or its 
con^jlement is to be transmitted) . This code vector is 
then transmitted for, and designates, its corresponding 
eight data elements. 

Thus, when one code vector is trsmsmitted at a 
time by the transmitter 50, and if the trsmsmitted code 
vector has a length of sixteen, the rate of the system is 
defined as (nximber of data elements) /L or 8/16. or 1/2. 

This rate can be increased by tramsmitting more 
code vectors at a time. For example, if the cosets are 
divided into two groups having four cosets per group such 
that a first code vector of the first group and a second 
code vector of the second group are simultcmeously trams - 
mitted, fourteen data elements may be encoded as these 
two code vectors, in this case, two data elements define 
which of four cosets in the first group of cosets con- 
tains the first code vector to be tromsmitted, four data 
elements define the first code vector to be tramsttiitted 
(not including its polarity) from the first group, and 

- 13 - 
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one data element defines the polarity of the transmitted 
first code vector (i.e., whether the code vector or its 
complement is to be transmitted) . This first code vector 
is then trauasmitted for, and designates, its correspond- 
ing seven data elements. Similarly, the second code 
vector is transmitted with the first code vector and 
designates its corresponding seven data elements. 

Thus, when two code vectors are simultsineously 
transmitted by the transmitter 50, sind if the transmitted 
code vectors have lengths of sixteen, the rate of the 
system is defined as 14/16 or 7/8. 

As another example, if the cosets are divided 
into four groups having two cosets per group such that 
four code vectors, one from each of the four groups, are 
simultaneously transmitted, twenty- four data elements may 
be encoded as these four code vectors. In this case, one 
data element defines which of two cosets in the first 
group of cosets contains the first code vector to be 
transmitted, four data elements define the first code 
vector to be transmitted (not including its polarity) 
from this first group, and one data element defines the 
polarity of the trsmsmitted first code vector (i.e., 
whether the code vector or its conplement is to be trans- 
mitted) . This first code vector is then transmitted for, 
and designates, its corresponding six data elements. 
Similarly, the second, third, and fourth code vectors are 
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transmitted with the first code vector and designate 
their corresponding six data elements. 

Thus, when four code vectors are simultaneously 
transmitted by the transmitter 50, and if the transmitted 
code vectors have lengths of sixteen, the rate of the 
system is defined as 24/16 or 3/2. 

The encoder 56 is shown in part in Figure 5. 
The part of the encoder 56 shown in Figure 5 is that part 
which converts data elements to code vectors for trans- 
mission by the transmitter 50. The encoder 56 includes " 
code vector generators 72, 74, 76, and 78 for the example 
where four code vectors, each having a length of sixteen, 
are simultaneously transmitted. However, it should be 
understood from the discussion oQ>ove that the number of 
code vectors that Ccui be simultaneously transmitted de- 
pends upon the length of the code vectors. 

The code vector generator 72 includes a coset 
leader selector 72a which selects the coset leader that 
corresponds to the one of two cosets Ci or C2 containing 
the code vector Vi to be transmitted. The coset leader 
selector 72a responds to one of the six data elements to 
be encoded as the code vector in order to make this 
selection. A Walsh function selector 72b selects a Walsh 
function according to another four of the six data ele- 
ments to be encoded as the code vector Vi. This Walsh 
fxinction corresponds to the specific code vector to be 
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transmitted. A multiplier 72c multiplies the selected 
coset leader and the selected Walsh function, and the 
result of this multiplication is complemented or not at a 
block 72d as determined by a coxiple^ment selector 72e 
5 which responds to the last of the six data elements to be 

encoded as the code vector Vi. The output of the block 
72d is the code vector V^. if desired, this code vector 
Vi can be weighted at a block 72f , as described below. 

The code vector generators 74, 76, and 78 oper- 
10 ate in a similar manner except that the code vector gen- 

erator 74 generates a code vector Va selected from cosets 
C3 or C4, the code vector generator 76 generates a code 
vector Va selected from cosets Cs or C^, and the code 
vector generator 78 generates a code vector V4 selected 
15 from cosets C7 or Ce. 

As shown in Figure 6, the Kerdock code vectors 
Vi, V2, V3, and V4 are added bit wise, and the result is 
supplied to the modulator/transmitter 58. 

The signal transmitted by one or more of the 
20 transmitters 12, 14, 16, . . . may be received by a re- 

ceiver 60 shown in Figure 7. The receiver 60 includes a 
tuner 62 for tuning to the carrier used by the modula- 
tor/transmitter 58, an equalizer 64 for reducing 
intersymbol interference, a demodulator 66 for demodulat- 
25 ing the received signal, a decoder 68 for decoding the 

code vectors in the received signal back to the data 
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elements provided by the Reed Solomon forward error 
correction encoder 54, and a Reed Solomon forward error 
correction circuit 70. 

In order to recover the data elements that were 
5 used to select the transmitted code vectors, the decoder 

68 may perform a Walsh transform according to an arrange- 
ment 80, which is shown in Figure 8, on a received signal 
82. The received signal 82 is multiplied in multipliers 
84i, 842 . . . 84„ by coset leaderi, coset leaders, • . • 

10 coset leadern. In the case of a code vector, set having 

eight cosets as described above, n is eight so that there 
are eight multipliers which multiply the received signal 
82 by eight corresponding coset leaders. Although these 
coset leaders may be amy code vector in the corresponding 

15 coset, the coset leaders may be the reference code vec- 

tors which are used to select the code vectors for each 
coset, as described above. Thus, when eight cosets are 
used, coset leader^ corresponds to coseti, coset leader2 
corresponds to cosets, • • • cuid coset leaders corresponds 

20 to cosets . 

The multiplication result from each multiplier 
84i - 84„ is processed by a corresponding Walsh transform 
86i, 862 • • * 86n* The Walsh transforms 861, 862 • . . 
86n, which are performed on the corresponding multiplica- 
25 tion results from the multipliers 84i, 842, . . . 84„, 

generate corresponding Walsh transfoirm spectra Si, S2, . . 
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. S„. The Walsh trcinsform spectrum corresponds to 
coseti, the Walsh transform spectrum S2 corresponds to co- 
seta, . . and the Walsh transform spectrum Sn corre- 
sponds to cosetn. Each of the Walsh transform spectra S^, 
S2, . • . S„ includes sixteen coefficients, and each 
coefficient may be either positive or negative. Thus, 
each spectrum has a coefficient for each of the 32 code 
vectors of its corresponding coset. 

Examples of the Walsh transform spectra Si, S2, 
. • . Sn are shown in Figure 9 for the case where only one 
Kerdock code vector is transmitted at a time. Only six- 
teen positions are shown in the Walsh trainsform spectra 
Si, S2, . . . S„ of Figure 9 because, as discussed above, 
the coefficient at any one position may be positive or 
^5 negative corresponding to a positive or negative code 

vector (i.e., a code vector or its con5)lement) . The 
magnitudes and the polarities of the exexrqplary coeffi- 
cients shown in Figure 9 are representative and arbi- 
trary, it being understood that the magnitudes and the 
20 polarities of the actual coefficients depend upon factors 

such as noise and the polarity of the trsmsmitted code 
vector • 

The example of Figure 9 assumes that only one 
code vector was transmitted at a time. Moreover, al- 
25 though the trsuismitted code vector can be in amy of the 

eight cosets, it is assumed for purposes of the example 
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Shown in Figure 9 that the code vector in the received 
signal 82 is in. the coseta corresponding to the coset 
leader^. Accordingly, the coefficient in the Walsh trans- 
form spectrum Si corresponding to the transmitted code 
vector has a magnitude (such as sixteen) which is largest 
of the magnitudes of the coefficients corresponding to 
all of the other possible code vectors. 

More specifically, each of the coefficients in 
the Walsh transform spectnam Si corresponding to code 
vectors of the coseti other than the tramsmitted code 
vector has a magnitude of subs taint ially zero, and each of 
the coefficients in the Walsh transform spectra S2-S„ 
corresponding to code vectors of coset2-cosetn has a 
relatively small non-zero magnitude (such as four) . 
Thus, the coefficient corresponding to the trauisiaitted 
code vector is easily discernible. The Walsh transform 
spectrum containing the coefficient having the largest 
magnitude indicates the thirty- two code vector coset to 
which the tramsmitted code vector belongs, and the posi- 
tion and polarity of the coefficient having the largest 
magnitude in its Walsh transform spectrum determines 
which of the thirty- two code vectors in this coset is the 
transmitted code vector. This information is used to 
recover the data elements that were used to select the 
transmitted code vector. 
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Specifically, in the case where n = 8, and 
where only one code vector having a length of sixteen is 
transmitted at a time so that only one coefficient in the 
Walsh spectra of Figure 9 has the largest magnitude, (i) 
the coset corresponding to the Walsh spectrxim containing 
the largest coefficient defines the three data elements 
that were used to specify the coset from which the trans- 
mitted code vector was selected, (ii) the position of the 
largest coefficient in the Walsh spectrum containing the 
largest coefficient defines the four data elements that 
were used to select the Walsh function corresponding to 
the transmitted code vector, smd (iii) the polarity of 
the largest coefficient defines the one data element that 
was used to select the polarity of the transmitted code 
vector. 

In the case where n « 8, and where four code 
vectors each having a length of sixteen are trauismitted 
simultaneously, the corresponding six data elements are 
recovered from each transmitted code vector in a similar 
fashion. That is, one coefficient in the first two Walsh 
spectra corresponding to the first two cosets, i.e., 
coseti cLnd coset2, has the largest magnitude. The coset 
corresponding to the Walsh spectrum containing this coef- 
ficient defines the one data element that was used to 
specify the coset from which the first transmitted code 
vector was selected. The position of this coefficient in 
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its Walsh spectrxim defines the four data elements that 
were used to select the Walsh fxinction corresponding to 
the first transmitted code vector. The polarity of this 
coefficient defines the one data element that was used to 
select the polarity of the first transmitted code vector. 

Next, one coefficient in the next two Walsh 
spectra corresponding to the next two cosets, i.e., cosetj 
and coset4, has the largest magnitude. The coset corre- 
sponding to the Walsh spectrum containing this coeffi- 
cient defines the one data element that was used to spec- 
ify the coset from which the second transmitted code 
vector was selected. The position of this coefficient in 
its Walsh spectrum defines the four data elements that 
were used to select the Walsh function corresponding to 
the second transmitted code vector. The polarity of this 
coefficient defines the one data element that was used to 
select the polarity of the second transmitted code vec- 
tor. The data elements transmitted by way of the third 
and fourth code vectors are recovered in a similar man- 
ner. 

The Walsh transfonr spectra Si, S2, . . . 
shown in Figure 9 assume that the received signal was not 
affected by white noise along its tramsmission path. If 
the received signal had oo^n affected by white noise 
along its transmission path, the Walsh trsinsform spectra 
Si, S2, . . . S„ would have noise aroxind each of the 
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horizontal axes. However, this noise is small conpared 
to the magnitude of the coefficient corresponding to the 
transmitted code vector so that the transmitted code 
vector can be easily detected in the presence of white 
noise • 

Cross talk, however, can significantly affect 
simultaneously transmitted code vectors. Because of 
cross talk between simultaneously transmitted code vec- 
tors having sxibstantially equal transmitted power, the 
length of the code vectors places a limit on the number 
of code vectors that can be simultaneously transmitted. 
For example, if the length of each code vector is six- 
teen, only two code vectors having substaintially equal 
transmitted powers can be trsuismitted at a time. 

That is, if one code vector is transmitted, if 
a length of sixteen is used for the transmitted code 
vector, ajid if a Walsh trcuasform is performed on the re- 
ceived signal using eight coset leaders of the eight 
possible cosets, the coefficient, which corresponds to 
the transmitted code vector and which is in the Walsh 
transform spectrum of the coset containing the transmit- 
ted code vector, has a relatively large magnitude. Each 
of the other coefficients in the Walsh transform spectrum 
corresponding to the coset containing the transmitted 
code vector has a magnitude of near zero, and each of the 
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coefficients in the other Walsh traLnsform spectra has a 
relatively small, non-zero magnitude. 

However, when two such code vectors are trans- 
mitted at a time (i.e., transmitted substantially simul- 
taneously) , there is cross talk between the two code 
vectors such that the coefficient corresponding to either 
one of the transmitted vectors can have an aii5>litude, for 
example, of 16 ± 4, the other coefficients of the Walsh 
transform spectrum containing the coefficient correspond- 
ing to that transmitted code vector can have magnitudes, 
for exan5)le, of 0 ± 4, and the coefficients of the other 
Walsh transform spectra can have magnitudes of 4 ± 4. 
The worst case difference between the magnitudes of the 
coefficients corresponding to the trcuasmitted code vec- 
tors and the other coefficients in the Walsh transform 
spectra is (16-4) - (4+4) or 4 . Thus, the transmit- 
ted code vectors are still relisUDly detectable. 

However, when three code vectors are transmit- 
ted at a time, the worst case difference between the 
magnitude of the coefficient corresponding to a transmit- 
ted code vector and the other coefficients in the Walsh 
transform spectra is (16 - 4 - 4) - (4 + 4 + 4) or - 4. 
In this, case, a code vector other thatn the transmitted 
code vector may be erroneously decoded. 

By increasing the length of the code vector to 
64, more code vectors Ccui be trauismitted simultaneously. 
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By increasing the length of the code vector beyond 64, 
the maximum number of code vectors that can be simulta- 
neously transmitted is increased even more. 

The number of code vectors that can be trans- 
mitted at a time can also be increased by increasing the 
confidence that one of the code vectors can be properly 
decoded, by decoding the code vector associated with the 
highest confidence first, by subtracting the code vector 
decoded first from the received signal so as to eliminate 
the cross talk contributed by the first code vector, by 
decoding another of the code vector, by subtracting the 
code vector decoded second from the received signal so as 
to eliminate the cross talk contributed by the code vec- 
tor decoded second, and so on. 

Confidence of properly decoding plural code 
vectors which are simultaneously transmitted can be in- 
creased by weighting the transmitted power of each code 
vector by a different amount. For exanqple, the absolute 
value of four differently weighted code vectors - V4, 
which are to be added and transmitted simultaneously, are 
shown in Figure 10, it being understood that any of the 
code vectors Vi - V4 could be negative instead of posi- 
tive. These four code vectors have tapered magnitudes 
such that the code vector V has the largest power when 
transmitted, the code vector V has the next largest power 
when trsuasmitted, the code- vector V2 has the next largest 
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power when transmitted, and the code vector Vi has the 
smallest power when transmitted. By transmitting a code 
vector with a power that is greater than the power used 
to transmit the other code vectors, the likelihood of 
decoding the code vector transmitted with the greatest 
power is enhanced because this code vector has a power 
greater than the cross talk power contributed by the 
other code vectors* 

The signal including these four substcuitially 
simultaneously transmitted code vectors is supplied to 
the multipliers 84i, 842 - 84n which multiply the 

received signal by the coset leader i, the coset leaderj, 
. . . the coset leader„. The results of these multiplica- 
tions are supplied to the corresponding Walsh treuis forms 
86^, 8 62 

. • . 86n shown in Figure 8. In this exgunple, however, 
Walsh transform spectra S^, S12 . • . Sm produced by the 
arraingement 80 may have the appearance shown in Figure 
11. The Walsh transform spectra Sn, 812..- Si„ is 
different than the Walsh transform spectra Si, S2 • . . Sn 
shown in Figure 9, primarily because the Walsh tramsform 
spectra Su, S12 • • . Sin contain more code vectors and be- 
cause of the cross talk between these plural code vec- 
tors . 

However, even though there is cross talk be- 
tween these code vectors, there is a greater confidence 
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that the coefficient in the Walsh transform spectra Sn, 
Si2 ... Sin having the largest magnitude corresponds to 
the code vector V4 shown in Figure 10, That is, by taper- 
ing the powers of the code vectors as shown in Figure 10, 
the confidence that a particular code vector, such as the 
code vector having the largest power, can be properly 
decoded is increased. Accordingly, the Walsh transform 
spectra Sn, 812-.. Sin are inspected in order to deter- 
mine the coefficient having the largest magnitude. This 
coefficient designates the code vector V4, which is the 
transmitted code vector having the largest power. 

When code vectors are transmitted having ta- 
pered powers as shown in Figure 10, the decoder 68 may be 
arranged to operate in accordance with the flow chart 
shown in Figure 12 . When the received signal containing 
the transmitted code vectors is received at a block 100, 
the received signal is multiplied by the coset leaders at 
a block 102, and Walsh transforms are performed on the 
multiplication results at a block 104. The coefficient 
having the largest magnitude is found at a block 106. 
The block 106 also recovers the data elements from this 
coefficient, as discussed above. 

If all code vectors have not been decoded as 
determined at a block 108, the code vector corresponding 
to the coefficient having the largest magnitude (e.g., 
the code vector V4) is then siibtracted from the received 
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signal at a block lio. The block llO may determine the 
code vector producing the coefficient having the largest 
magnitude by (i) multiplying (a) the coset leader of the 
coset corresponding to the Walsh spectrum containing the 
largest coefficient and (b) the Walsh function defined by 
the recovered data, and (ii) complementing or not comple- 
menting the result depending upon whether the largest 
coefficient is negative or positive. The result is 
weighted by the weight that was applied to the fourth 
code vector V4, ctnd the weighted code vector V4 is sub- 
tracted from the received signal in order to eliminate 
any cross talk contributed by the code vector 

Thereafter, the processing of the blocks 102, 
104, 106, 108, and 110 is repeated until all data ele- 
ments are recovered from code vectors V3, V2, and Vi, at 
which point processing returns to the block 100- The 
flow chart of Figure 12 may be implemented in either 
software or hardware. 

It should be noted that the tapered approach 
discussed above requires greater power than is required 
when fewer code vectors are transmitted with equal power 
because the power of the smallest transmitted code vector 
must still be greater than noise in order for the small- 
est transmitted code vector to be discernible from that 
noise, and because the remaining code vectors must have 
ever greater powers so that the code vectors are tapered. 
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However, the total power required to transinit these ta- 
pered vectors may be reduced by the windowing embodiment 
discussed below. 

In this windowing embodiment (which may alter- 
natively be referred as group decoding) , the transmitted 
code vectors are tapered, but the tapering may be less 
than must be the case where windowing is not used. As in 
the case discussed above, let it be assumed that four 
transmitted code vectors Vj, V2, V3, and are to be 
transmitted at a time. These code vectors are tapered so 
that the code vector V4 has the largest power, so that the 
code vector V3 has the next largest power, so that the 
code vector V2 has the next largest power, and so that the 
code vector has the smallest power. It may be further 
assumed that the these four code vectors are selected 
from coseti, coset2, 

. . . coseta so that the code vector is selected from 
either coseti or coseta, so that the code vector is se- 
lected from either coseta or coset4, so that the code 
vector V3 is selected from either cosets or cosetg, and so 
that the code vector V4 is selected from either coseti or 
cosete. 

With these assumptions, the decoder 68 may be 
arranged to perform a group of Walsh trcmsforms (i.e., 
less than all) in accordsuice with the arrangement 80 on a 
received signal so as to produce a corresponding group of 
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Walsh transform spectra defined. This group of Walsh 
transforms may be envisioned as being within a window. 
The window, in effect, determines (i) the coset leaders 
that are multiplied against the received signal and (ii) 
the Walsh transform spectra that are produced from the 
multiplication results. For exairqple, if n » 8 in Figure 
8, the window may be arranged so that the received signal 
is multiplied by coset leaders through coset leaders and 
so that Walsh transforms 865 - 869 are performed. 

The decoder 68 then investigates the resulting 
Walsh transform spectra S25 - Sae (Figure 13) for the 
coefficient having the largest magnitude in these spec- 
tra. In effect, the window is established with respect 
to the code vectors V3 - V4. This window reduces the 
probability that another code vector, such as the code 
vector or the code vector V2, will be improperly de- 
coded as the code vector V4 should the code vector or 
the code vector V2, because of cross talk, produce a 
coefficient in the Walsh trsmsf orm spectra S21 - S24 that 
is larger than the coefficient produced by the code vec- 
tor V4. Also, this windowing embodiment reduces the 
amount of processing required to decode a code vector 
because, in the above example, only the processing of 
multipliers 845-848 and of Walsh transforms 865-869 is 
performed in order to decode the code vector V4. Once the 
window is established, the code vector corresponding to 
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the largest coefficient in the window is decoded to its 
data elements, and the decoded code vector is subtracted 
from the received signal in order to eliminate its cross 
talk from the received signal. 

in the exai,5,le, the window is then moved (slid) 
down to encoitpass a new group of multipliers and Walsh 
transforms. Thus, in the example, the received signal is 
multiplied by coset leader3 through coset leader^ and to 
accordingly perform Walsh transforms 86, - 86.. The 
decoder 68 then investigates the Walsh transform spectra* 
S.3 - S,, for the coefficient having the largest magnitude 
in these spectra. m effect, a window is established 
with respect to the code vectors V, - v,. The code vector 
corresponding to the largest coefficient in the window is 
decoded to its data elements, the decoded code vector is 
subtracted from the received signal in order to eliminate 
its cross talk from the received signal, and the window 
is slid again and the process is repeated. 

When code vectors are transmitted having vary- 
ing powers, and when a sliding window is used as 
described, the decoder 68 may be arranged to operate in 
accordance with the flow chart shown in Figure 14. When 
the received signal containing the transmitted code vec- 
tors is received at a block 200, the window, as described 
above, is applied at a block 202, the received signal is 
multiplied by the coset leaders within the window at a 
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block 204, and the appropriate Walsh transforms within 
the window are performed on the multiplication results at 
a block 206. in the exan^le, the window is applied at 
the block 202 so that the received signal is multiplied 
by coset leaders through coset leadere at the block 204 
and so that Walsh transforms 86s - 86, are performed at 
the block 206. The largest coefficient of the Walsh 
transforms performed at the block 206 is found at a block 
208. The block 208 also recovers the data elements from 
this coefficient, as discussed above. 

If all code vectors have not been decoded as 
determined at a block 210, the code vector decoded at the 
block 208 is subtracted from the received signal at a 
block 212. That is, the block 212 determines the decoded 
code vector by (i) multiplying the coset leader of the 
coset corresponding to the Walsh spectrum containing the 
largest coefficient within the window and the Walsh func- 
tion defined by the recovered data, and (ii) complement- 
ing or not conplementing the result depending upon 
whether the largest coefficient within the window is 
negative or positive. (Alternatively, the recovered data 
elements could be used as an address into a lookup table 
in order to read out the corresponding code vector.) 
This decoded code vector is weighted by the weight that 
was applied to it, and the weighted code vector is sub- 
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tracted from the received signal in order to eliminate 
any cross talk contributed by this code vector. 

Thereafter, the processing of the blocks 202, 
204, 206, 208, 210, and 212 is repeated. In this case, 
the window is applied so that it covers cosets S„ - s„. 
When all data elements are recovered from the code vec- 
tors V4, V3, V2, and Va, processing returns to the block 
200. It should be noted that the flow chart of Figure 14 
may be iinplemented in either software or hardware. 

When two or more code vectors are 
simultaneously transmitted with tapered powers, the Walsh 
transform coefficients associated with the two largest 
code vectors may have approximately the same magnitude, 
so that neither can be decoded with confidence, m order 
to avoid this possibility, a two-pass embodiment of the 
invention may be implemented. Although the two -pass 
embodiment may be used with or without a window, the two- 
pass embodiment is described here as a feature of the 
windowing embodiment. 

In this modified windowing embodiment, the two 
code vectors associated with the nearly equal coeffi- 
cients are tenqporarily decoded and are subtracted, during 
a first pass, from the received signal at half of their 
full transmitted strength. Thus, this two-pass feature 
assumes a window wider than two code vectors. The Walsh 
transform of the subtraction result as defined by the 
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window is then performed during a second pass. The re- 
sulting Walsh transform coefficient having the largest 
magnitude within the window is then presumably associated 
with the code vector which has the next largest transmit- 
ted power. This code vector is decoded and is subtracted 
from the received signal. Accordingly, the cross talk of 
the decoded code vector is eliminated from the received 
signal. By eliminating the cross talk of this code vec- 
tor from the received signal, the two code vectors which 
previously produced equal coefficients will now probably " 
produce significantly different coefficient magnitudes 
when the Walsh transform of the remaining received signal 
is performed during the second pass. In the practical 
case where more than four code vectors are transmitted at 
a time, the window need not slid or otherwise adjusted 
for this second pass, and need only be slid when the code 
vector within the window having the largest transmitted 
strength is decoded. 

For example, if sixteen code vectors (i.e., 
code vectors - v^g) are transmitted at a time, the 
window size may be chosen to encompass a predetermined 
number greater than two (such as four) of Walsh transform 
spectra. The decoder 68 may be configured so that Walsh 
transforms defined by the window are performed on the 
received signal during the first pass and the resulting 
Walsh transform spectra are investigated for the coeffi- 
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cient having the largest magnitude, if the two largest 
coefficients in these Walsh transform spectra are about 
equal in magnitude, the code vectors corresponding to 
these two largest coefficients are subtracted as 
described above and a second pass is performed. During 
this second pass, the Walsh transforms defined by the 
window are performed on the subtraction result, and the 
resulting Walsh transform spectra are investigated for 
the coefficient having the largest magnitude. The code 
vector corresponding to this coefficient is decoded, knd 
this code vector is subtracted from the received signal 
in order to eliminate its cross talk contribution from 
the received signal. 

The Walsh transform of the remaining received 
signal is then performed and the Walsh transform spectra 
defined by the window are investigated for the coeffi- 
cient having the largest magnitude. The code vector 
corresponding to this coefficient is decoded, and this 
code vector is subtracted from the received signal in 
order to eliminate its cross talk contribution from the 
received signal. Assuming that the code vector having 
the greatest transmitted power is decoded during this 
second pass, the window is then slid and the remaining 
transmitted code vectors are decoded in like manner. 

When code vectors are transmitted having vary- 
ing powers and when a two pass sliding window is used as 



34 



BNSOOCID: <WO_9S6aee3A1J.> 



wo 99/50983 _ ^ PCr/US9fW4637 



10 



described above, the decoder 68 may be arranged to oper- 
ate in accordance with the flow chart shown in Figure 15 . 
When the received signal containing the transmitted code 
vectors is received at a block 300, the window as de- 
scribed above is applied at a block 302, the received 
signal is multiplied by the coset leaders defined by this 
window at a block 304, and Walsh transforms defined by 
this window are performed on the multiplication results 
at a block 306. The coefficient having the largest mag- 
nitude is found at a block 308. If there are two coeffi- 
cients which have the largest magnitude, as determined at 
a block 310, the two code vectors corresponding to these 
two coefficients are decoded and are subtracted from the 
received signal at a block 312. (If the window has 
^5 sufficient size, and if there are three coefficients 

having the largest magnitude as determined by a block 
310, the three code vectors corresponding to these three 
coefficients are subtracted from the received signal at a 
block 312.) 

20 At the block 30<. ztie resulting signal is 

multiplied by the coset Icaacrs as defined by the window, 
and Walsh transforms defined by this window are again 
performed on the multiplication results at a block 306. 
The coefficient having t.':*' largest magnitude is found at 

25 the block 308. If this coefficient has the largest 

magnitude as determined by the block 310, the correspond- 
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ing data elements are recovered from this coefficient at 
the block 314,, as discussed above. 

If all code vectors have not been decoded as 
determined at a block 316, the code vector decoded at the 
block 314 is sxibtracted from the received signal at a 
block 318. The result is weighted by the weight that was 
applied to the decoded code vector, amd the weighted 
decoded code vector is subtracted from the received sig- 
nal in order to eliminate any cross talk it contributed. 

Thereafter, the processing of the blocks 302, 
304, 306, 308, 310, 312, 314, 316, and 318 is repeated. 
In the case where the loop including the block 312 was 
performed, the window is not moved during the next pass 
through the blocks 302, 304, 306, 308, 310, 312, 314, 
316, and 318. However, in the case where the loop in- 
cluding the block 312 was not performed, the window is 
moved, as described eJDove, during the next pass through 
the blocks 302, 304, 306, 308, 310. 312, 314, 316, and 
318. It should be noted that the flow chart of Figure 15 
may be in5)lemented in either softweure or hardware. 

A reliability factor embodiment of decoding 
simultaneously trauismitted code vectors may be iit^le- 
mented in order to determine which of the code vectors 
may be most reliably decoded. This reliability factor 
25 embodiment may be used alone or in combination with the 

windowing embodiment emd/or the two-pass embodiment. 
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In a single example where two code vectors are 
simultaneously transmitted, and where each of the possi- 
ble code vectors has a length of sixteen, the 256 possi- 
ble code vectors may be divided into the eight cosets 
discussed above. These cosets may be divided into two 
groups of four cosets each such that one of the transmit- 
ted code vectors is from one of the groups, and the other 
transmitted code vector is from the other group. In this 
example, the arrangement 80 shown in Figure 8 produces 
two groups of Walsh transform spectra, with four Walsh 
transform spectra per group. 

Based upon this simple example, the two groups 
of Walsh transform spectra produced by the arrangement 80 
may have the appearance of Walsh trsoisform spectra groups 
400 and 410 shown in Figure 13. The Walsh transform 
spectra group 400 includes Walsh transform spectra S21, 
822, S23, and S24 corresponding to four of the eight possi- 
ble cosets. The Walsh transform spectra group 410 in- 
cludes the Walsh transform spectra S25, Sze, S27, and S28 
corresponding to the other four of the eight possible co- 
sets. 

The Walsh transform spectra S22 of the Walsh 
transform spectra group 400 includes a coefficient 420 
which may have the largest magnitude of cuiy of the 
coefficients in the Walsh transform spectra group 400. 
The Walsh transform spectra S23 of the Walsh transform 



wo 99/50983 _ _ PCr/US98/24d37 



spectra group 400 includes a coefficient 430 which may 
have the next largest magnitude of any of the coeffi- 
cients in the Walsh transform spectra group 400. A first 
reliability factor Z^i may be determined as the difference 
5 between the coefficients 420 and 430. The magnitude of 

the reliability factor is a measure of confidence that 
the coefficient 420 corresponds to one of the two 
transmitted code vectors. 

Similarly, the Walsh transform spectra S28 of 

^0 the Walsh transform spectra group 410 includes a coeffi- 

cient 440 which may have the largest magnitude of any of 
the coefficients in the Walsh trsmsform group 410. The 
Walsh transform spectra S27 of the Walsh transform spectra 
group 410 includes a coefficient 450 which may have the 

15 next largest magnitude of any of the coefficients in the 

Walsh transform spectra group 410. A second reliability 
factor ^2 may be determined as the difference between the 
coefficients 440 and 450. The magnitude of the relisibil- 
ity factor is a measure of confidence that the coeffi- 

20 cient 440 corresponds to the other of the two tratnsmitted 

code vectors. 

The decoder 68 then selects the larger of the 
first and second reliability factors A^ or A2 in order to 
decode one of the transmitted code vectors. The largest 

25 reliability factor A^ or A2 is selected because the great- 

est confidence of a correct code vector determination is 
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associated with the greatest coefficient difference be- 
tween the largest coefficient in a group and the next 
larger coefficient in the same group. Accordingly, the 
decoder 68 determines one of transmitted code vectors as 
one corresponding to the larger of the two coefficients 
producing the largest coefficient difference. 

Thus, for example, if the reliability factor A2 
is larger than the relicOjility factor A^, a transmitted 
code vector is determined from the coefficient 440, which 
is the larger of the coefficients 440 and 450. The data 
elements are recovered from this larger coefficient as 
discussed above, and the corresponding code vector is 
subtracted from the received signal. Thereafter, the 
process discussed above, including performing a Walsh 
transform on the sxibtraction results, determining the 
coefficient differences between the largest coefficient 
and the next largest coefficient in each group, and de- 
termining a transmitted code vector corresponding to the 
larger coefficient associated with the largest coeffi- 
cient difference, is repeated. 

This decoding process, generalized to any niim- 
ber of simultauieously trauismitted code vectors, is embod- 
ied in the flow chart shown in Figure 16. As shown in 
Figure 16, the decoder 68 receives the received signal at 
a block 500 and multiplies the received signal by the 
coset leaders at a block 502. The Walsh transform of the 
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multiplication results is performed at a block 504 to 
produce Walsh transform spectra for each group of cosets, 
where the number of groups of cosets is determined, at 
least in part, by the nximber and length of code vectors 
that are transmitted at a time. 

At a block 506, a reliability factor A is de- 
termined as the difference between the coefficient having 
the largest magnitude and the coefficient having the next 
largest magnitude for each coset group. The largest 
reliability factor A is found at a block 508 because 
confidence in a correct code vector determination is 
greatest when a code vector is determined from the larger 
coefficient of the two coefficients producing the largest 
reliability factor A. Accordingly, the data elements 
corresponding to this code vector are determined, as 
before, at the block 508. 

If all of the code vectors have not been found 
as determined at a block 510, the last foxxnd code vector 
is determined and is subtracted from the received signal 
at a block 512, and the fiinctions of the blocks 502 - 512 
are repeated with respect to the siabtraction results. 
When all of the code vectors have been found as deter- 
mined by the block 510, flow returns to the block 500 to 
await another receiver signal. It should be noted that 
the flow chart of Figure 16 may be inplemented in either 
software or hardware. 
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As discussed above, the system rate can be 
increased by increasing the nioiriber of code vectors trans- 
mitted simultaneously. The number of code vectors simul- 
taneously transmitted cam be increased by increasing the 
length of the code vector. As the length of the code 
vector increases, it may be necessary to also increase 
the number of cosets cind/or groups of cosets. As the 
number of code vectors that are simultaneously transmit- 
ted is increased by increasing the code vector length, 
the conputational expense of decoding these code vectors 
increases. However, while the coir5)utational expense 
necessary to decode code vectors having larger lengths 
increases, this computational expense increases approxi- 
mately linearly with the length of the code vector. On 
the other hand, the code gain realized by transmitting 
plural code vectors together increases approximately 
exponentially with the length of the code vector. There- 
fore, while coset size and other considerations place 
practical limits on conputational expense, length should 
be maximized within these constraints in order to realize 
as much gain as possible. 

Certain modifications of the present invention 
have been discussed above. Other modifications will 
occur to those practicing in the art of the present 
invention. For example, according to the description 
above, a Walsh transform is used to determine a transmit - 
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ted code vector. However, other transforms may be used 
to determine the transmitted code vectors. 

Also, the head end transmitter 50, the receiver 
60, and the arrangement 80 are shown as comprising vari- 
ous blocks. Each of these blocks may be inqplemented as 
one or more discrete conponents, one or more integrated 
circuits, one or more programmable logic circuits or 
arrays, software, and/or the like. 

In addition, the head end transmitter 50 is 
disclosed above as including elements such as the data 
source 52, the Reed Solomon forward error correction 
circuit 54, the encoder 56, and a modulator/ transmitter 
58, and the receiver 60 is disclosed eODOve as including 
elements such as a tuner 62, an equalizer 64, a demodu- 
lator 66, a decoder 68, and a Reed Solomon forward error 
correction circuit 70. However, the head end transmitter 
50 and the receiver 60 may include elements different 
than, or in addition to, these disclosed elements. 

Moreover, various embodiments have been de- 
scribed above. The features of these embodiments may be 
mixed as desired in yet other embodiments of the present 
invention. For exanple, the reliability feature of the 
embodiment disclosed in connection with Figure 16 may be 
used in combination with tapered code vectors, and the 
windowing embodiment disclosed in connection with Figure 
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14 may be used in combination with non- tapered code vectors 

Furthermore, as described cdDove, the decoder 68 
produces Walsh transform spectra defined by a window such 
that the window determines (i) the coset leaders that are 
multiplied against the received signal, and (ii) the 
Walsh transform spectra that are produced from the 
multiplication results. Alternatively, the decoder 68 
may be arranged to produce Walsh tramsform spectra with- 
out a window such that all coset leaders are multiplied 
by the received signal. In this event, however, a window 
might be applied to the resulting Walsh transform spectra 
to reduce the possibility that a code vector correspond- 
ing to a coefficient within the window is decoded as a 
code vector corresponding to a coefficient outside the 
window • 

Accordingly, the description of the present 
invention is to be construed as illustrative only and is 
for the purpose of teaching those skilled in the art the 
best mode of carrying out the invention. The details may 
be varied substantially without departing from the spirit 
of the invention, and the exclusive use of all modifica- 
tions which are within the scope of the appended claims 
is reserved. 
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WHAT TS glATMRn Tff . 

1 1- A system including a receiver for receiv- 

2 ing a signal containing received code vectors and a de- 

3 coder for recovering data elements from the received code 

4 vectors, wherein each received code vector corresponds to 

5 one of a plurality of code vectors, the system CHARACTER- 

6 IZED IN THAT: 

7 a multiplier multiplies the received signal by 

8 a plurality of reference vectors to produce a plurality 

9 of multiplication results; 

^0 a transform transforms the multiplication re- 

11 suits into a plurality of multi-coef f icient spectra; 

12 and, 

13 the decoder decodes the plurality of multi- 

14 coefficient spectra in order to recover the data elements 

15 from the received code vectors. 

1 2. The system of claim 1 wherein the trans - 

2 form is a Walsh transform. 

1 3 . The system of claim 1 wherein the decoder 

2 recovers the data elements corresponding to the received 

3 code vector based upon a largest coefficient of the 

4 multi-coef f icient spectra. 
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1 4. The system of claim 1 wherein the code 

2 vectors of the plurality of code vectors are Kerdock code 

3 vectors . 

1 5. The system of claim 4 wherein the trans - 

2 form is a Walsh transform. 

1 6. The system of claim 4 wherein the Kerdock 

2 code vectors are divided into cosets, wherein each coset 

3 has a coset leader uniquely corresponding thereto, and 

4 wherein the multiplier multiplies the received signal by 

5 the coset leaders. 

1 ?• The system of claim 4 wherein the coeffi- 

2 cients of the multi-coef f icient spectra have magnitudes, 

3 and wherein the decoder recovers data elements corre- 

4 spending to the received code vectors based upon the 

5 magnitude of the coefficients. 

1 8. The system of claim 1 wherein the code 

2 vectors of the plurality code vectors are divided into 

3 cosets, wherein each coset has a coset leader imiquely 

4 corresponding thereto, and wherein the multiplier multi- 

5 plies the received signal by the coset leaders. 

- 45 - 



BNSOOCID: <WO_99608e3A1 J.> 



wo 99/50983 g| # PCT/US98/24d37 



1 9 . The system of claim 8 wherein the data 

2 elements include a first group of data elements 

3 corresponding to a coset containing one of the received 

4 code vectors, a second group of data elements correspond- 

5 ing to the one received code vector within its coset, and 

6 a third group of data elements corresponding to a polar - 

7 ity of the one received code vector. 

1 10. The system of claim l wherein the re- 

2 ceived code vectors contain at least first and second 

3 code vectors, wherein the transform produces a received 

4 signal transform of the received signal, wherein the re- 

5 ceived signal trsuasform contains a coefficient for each 

6 of at least some of the code vectors of the plurality of 

7 code vectors, wherein each coefficient has a magnitude, 

8 wherein the decoder recovers data elements corresponding 

9 to one of the received first and second code vectors 

10 based upon the magnitudes of the coefficients of the 

11 received signal transform, wherein the decoder subtracts 

12 the one of the first and second code vectors from the 

13 received signal to produce a subtraction result, and 

14 wherein the decoder recovers data elements corresponding 

15 to the other of the first ajid second code vectors from 

16 the sxibtraction result. 
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The system of claim 10 wherein the trans- 



form produces a subtraction result transform of the sub- 
traction result, wherein the subtraction result transform 
contains a coefficient for at least some of the code 
vectors of the plurality of code vectors, wherein each 
coefficient of the subtraction result transform has a 
magnitude, and wherein the decoder recovers data elements 
corresponding to the other of the first and second code 
vectors based upon the magnitudes of the coefficients of 
the siabtraction result transform. 

12. The system of claim 11 wherein the trans- 
form is a Walsh transform. 

13. The system of claim 11 wherein the code 
vectors of the plurality of code vectors are divided into 
cosets, wherein each coset has a coset leader uniquely 
corresponding thereto, wherein a multiplier multiplies 
the received signal or the subtraction result, as appro- 
priate, by the coset leaders, and wherein the transform 
produces a spectrum of coefficients for each of the 
cosets based upon results freer the imiltiplier. 

14. The syster c! claim 13 wherein the de- 
coder recovers the data cicaftonts corresponding to the one 
of the first and second coJo vectors based upon a coeffi- 
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cient which is one of the coefficients of the received 
signal transform and which is largest, and wherein the 
decoder recovers the data elements corresponding to the 
other of the first and second code vectors based upon a 
coefficient which is one of the coefficients of the siib- 
traction result transform and which is largest. 

15. The system of claim 11 wherein the code 
vectors of the plurality of code vectors are Kerdock code 
vectors . 

16. The system of claim 11 wherein the re- 
ceived code vectors are based on transmitted code vec- 
tors, wherein the treuasmitted code vectors have tapered 
transmitted magnitudes, wherein the decoder recovers the 
data elements corresponding to the one of the received 
first and second code vectors based upon a magnitude of 
one of the coefficients that is largest, wherein the 
subtraction result trsmsform contains a subtraction re- 
sult coefficient for each of at least some of the code 
vectors of the plurality of code vectors, aind wherein the 
decoder recovers the data elements corresponding to the 
other of the received first and second code vectors based 
upon a magnitude of one of the subtraction result coeff- 
icients that is largest. 
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17. The system of claim 16 wherein each 
transmitted code, vector is selected from a corresponding 
coset of code vectors, wherein the decoder applies a 
window to some of the cosets, wherein the transform pro- 
duces a coefficient spectnam for each of the cosets 
within the window, and wherein the decoder recovers data 
elements based on a coefficient corresponding to one of 
the cosets within the window. 

18. The system of claim 17 wherein the de- 
coder, if at least two coefficients within the window are 
largest in magnitude and have siibstantially equal magni- 
tudes, subtracts code vectors corresponding to the at 
least two coefficients from the received signal to pro- 
duce a window siibtraction result, and recovers the data 
elements from a coefficient of a transform spectrxom 
within the window produced from the window subtraction 
result. 

19. The system of claim 18 wherein the code 
vectors of the plurality of code vectors are divided into 
cosets, wherein the decoder determines, for at least two 
groups of the cosets, a difference in magnitude between 
the coefficient having the largest magnitude and the 
coefficient having the next largest magnitude, wherein 
the decoder determines which difference is largest, and 
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8 wherein the decoder first recovers the data elements 

9 corresponding to the one transmitted code vector from the 
^° larger coefficient of the coefficients producing the 

11 largest coefficient difference. 

1 20 • The system of claim 18 wherein the siib- 

2 tracted code vectors corresponding to the at least two 

3 coefficients are subtracted at substcoitially ^ of their 

4 transmitted magnitudes. 

1 21. The system of claim 11 wherein the re- 

2 ceived code vectors are based on transmitted code vec- 

3 tors, wherein each transmitted code vector is selected 

4 from a corresponding coset of code vectors, wherein the 

5 decoder applies a window to some of the cosets, wherein 

6 the transform produces a coefficient spectrum for each of 

7 the cosets within the window, and wherein the decoder 

8 recovers data elements based on a coefficient correspond- 

9 ing to one of the cosets withm the window. 

1 22. The syscetr. o: claim 21 wherein the de- 

2 coder, if at least two coelticients within the window are 

3 largest in magnitude and nave substantially equal magni- 

4 tudes, sxibtracts code vectors corresponding to the at 

5 least two coefficients Irrar. tn^ received signal to pro- 

6 duce a window subtractior. r*^sult, and recovers the data 
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7 elements from a coefficient of a transform spectrum pro- 

8 duced from the window subtraction result. 

1 23. The system of claim 22 wherein the code 

2 vectors of the plurality of code vectors are divided into 

3 cosets, wherein the decoder determines, for at least two 

4 groups of the cosets, a difference in magnitude between 

5 the coefficient having the largest magnitude and the 

6 coefficient having the next largest magnitude, wherein 

7 the decoder determines which difference is largest, and 

8 wherein the decoder first recovers the data elements 

9 corresponding to the one transmitted code vector from the 

10 larger coefficient of the coefficients producing the 

11 largest coefficient difference. 

1 24. The system of claim 11 wherein the de- 

2 coder, if at least two coefficients are largest in magni- 

3 tude emd have substantially equal magnitudes, sxibtracts 

4 code vectors corresponding to the at least two coeffi- 

5 cients from the received signal to produce an interim 

6 subtraction resxilt, and recovers the data elements from a 

7 coefficient of a transform spectrum produced from the 

8 interim subtraction result. 

1 25. The syst«n of claim 24 wherein the de- 

2 coder determines, for each of at least two groups of code 
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vectors, a difference in magnitude between the coeffi- 
cient having the largest magnitude and the coefficient 
having the next largest magnitude, wherein the decoder 
determines which difference is largest, and wherein the 
decoder first recovers the data elements corresponding to 
the one transmitted code vector from the larger coeffi- 
cient of the coefficients producing the largest coeffi- 
cient difference. 

26. The system of claim 11 wherein the de- 
coder determines, for each of at least two groups of code 
vectors, a difference in magnitude between the coeffi- 
cient having the largest magnitude auad the coefficient 
having the next largest magnitude, wherein the decoder 
determines which difference is largest, and wherein the 
decoder first recovers the data elements corresponding to 
the one transmitted code vector from the larger coeffi- 
cient of the coefficients producing the largest coeffi- 
cient difference. 

27. The system of claim 1 wherein each code 
vector of the plurality of code vectors corresponds to a 
coset of code vectors, wherein the decoder applies a 
window to some of the cosets, wherein the transform pro- 
duces a coefficient spectrum for each of the cosets 
within the window, and wherein the decoder recovers data 
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elements based on a coefficient corresponding to one of 
the cosets within the window. 

28. The system of claim 27 wherein the de- 
coder, if at least two coefficients within the window arfe 
largest in magnitude and have substantially equal magni- 
tudes, subtracts code vectors corresponding to the at 
least two coefficients from the received signal to pro- 
duce a window subtraction result, and recovers data ele- 
ments from a coefficient of a transform spectrum within 
the window produced from the window sxibtraction result. 

29. The system of claim 28 wherein the de- 
coder determines, for at least two groups of the cosets, 
a difference in magnitude between the coefficient having 
the largest magnitude and the coefficient having the next 
largest magnitude, wherein the decoder determines which 
difference is largest, and wherein the decoder first 
recovers the data elements corresponding to the one 
transmitted code vector from the larger coefficient of 
the coefficients producing the largest coefficient diff- 
erence . 

30. The system of claim 1 wherein the de- 
coder, if at least two coefficients are largest in magni- 
tude and have sxibstantially ecjual magnitudes, subtracts 
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4 code vectors corresponding to the at least two coeffi- 

5 cients from the. received signal to produce a subtraction 

6 result, and recovers the data elements from a coefficient 

7 of a transform spectrum produced from the subtraction 
a result. 

1 31. The system of claim 30 wherein the code 

2 vectors of the plurality of code vectors are divided into 

3 cosets, wherein the decoder determines, for at least two 

4 groups of the cosets, a difference in magnitude between 

5 the coefficient having the largest magnitude and the 

6 coefficient having the next largest magnitude, wherein 

7 the decoder determines which difference is largest, smd 

8 wherein the decoder first recovers the data elements 

9 corresponding to the one transmitted code vector from the 

10 larger coefficient of the coefficients producing the 

11 largest coefficient difference. 

1 32. The system of claim 1 wherein the code 

2 vectors of the plurality of code vectors are divided into 

3 cosets, wherein the decoder determines, for at least two 

4 groups of the cosets, a difference in magnitude between 

5 the coefficient having the largest magnitude and the 

6 coefficient having the next largest magnitude, wherein 

7 the decoder determines which difference is largest, and 

8 wherein the decoder first recovers the data elements 
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corresponding to the one transmitted code vector from the 
larger coefficient of the coefficients producing the 
largest coefficient difference. 

33. The system of claim 1 wherein the code 
vectors of the plurality of code vectors are divided into 
cosets, wherein the cosets are arranged into groups of 
cosets, wherein each code vector contained in the re- 
ceived signal belongs to a corresponding group of cosets, 
wherein the decoder applies a window to a first subset of 
the cosets, wherein the multiplier multiplies the re- 
ceived signal by a coset leader corresponding to each 
coset within the window in order to produce a received 
signal coefficient spectrum for each coset within the 
window, wherein each received signal coefficient spectrum 
contains received signal coefficients for at least some 
of the code vectors of a corresponding coset, wherein 
each received signal coefficient of each received signal 
coefficient spectrum has a magnitude, wherein the decoder 
recovers data elements from one of the received signal 
coefficients that corresponds to a coset within the win- 
dow and that has the largest magnitude, wherein the de- 
coder subtracts a code vector corresponding to the data 
elements recovered from one of the received signal coef- 
ficients that corresponds to a coset within the window 
and that has the largest magnitude, wherein the decoder 
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23 Slides the window to cover a second stibset of the cosets, 

24 wherein the multiplier multiplies the subtraction result 
2^ coset leaders corresponding to the cosets within 

window in order to produce a subtraction result coef- 

27 ficient spectrum for each coset within the window, 

28 wherein each siibtraction result coefficient spectrum con- 

29 tains subtraction result coefficients for at least some 

30 of the code vectors of a corresponding coset, wherein 

31 each subtraction result coefficient of each subtraction 

32 result coefficient spectrum has a magnitude, wherein the 

33 decoder recovers data elements corresponding to a code 

34 vector from one of the subtraction result coefficients 

35 that corresponds to a coset within the window and that 

36 has the largest magnitude. 

1 34. The system of claim 1 wherein the re- 

2 ceived code vectors contain at least simultauieously 

3 transmitted first and second code vectors, wherein the 

4 transform produces a received signal transform of the 

5 received signal, wherein the received signal transform 

6 contains a coefficient for each of at least some of the 

7 code vectors of the plurality of code vectors, wherein 

8 each coefficient has a magnitude, wherein the decoder 

9 derives a first reliability factor indicating confi- 

10 dence in correctly decoding the first code vector, 

11 wherein the decoder derives a second reliability factor A2 
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12 indicating confidence in correctly decoding the second 

13 code vector, and wherein the decoder decodes the first 

14 code vector before the second code vector if the first 

15 relicdbility factor is larger than the second relicUDil- 

16 ity factor A2 and decodes the second code vector before 

17 the first code vector if the second reliability factor A2 

18 is larger than the first reliability factor A^. 
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